ABSTRACT -Museum databases contain vast amounts of information that can help understand species distributions, patterns of biodiversity, taxonomic issues, evolutionary relationships and the effects of anthropogenic changes such as climate change. The marine waters of the Kimberley region in north-west Australia are among the least impacted marine ecosystems in the world, so there is a need to compile the extensive museum records for the region and make them more widely accessible. Here, we synthesise records of shallow water marine fish species in the Kimberley collected between 1880 and 2009. Based on 8,326 specimen-based records and thousands of reliable visual records from some 123 broad localities, a total of 1,475 species from 135 families were identified. Pronounced cross continental shelf differences in the fish communities exist with only 20% of species common to both inshore and offshore locales. Offshore atolls have very high species diversity, typified by wide ranging Indo-West Pacific species. In contrast, inshore reefs have lower diversity but support a much higher proportion of endemic species. The marine communities of the Kimberley face increasing pressure from resource development, fishing and tourism, so continued biodiversity and taxonomic research is essential to inform management decisions.
INTRODUCTION
Records of which species exist at particular locations are fundamental to broader questions of biogeography, ecology and management (Pyke and Ehrlich 2010) . Such records serve to map species distributions, understand patterns of biodiversity including hotspots and even to interpret evolutionary pathways (e.g. Hutchins 2001; Roberts et al. 2002; Mora et al. 2003; Briggs and Bowen 2013; Gaither and Rocha 2013) . Importantly, these records can also provide historical baseline data to monitor the effects of anthropogenic changes such as climate change (Perry et al. 2005 ).
The marine waters of the Kimberley and offshore regions in north-west Australia are recognised as including some of the least impacted marine ecosystems in the world (Halpern et al. 2008) . Despite this recognition, many of the important baseline biodiversity data for the region are stored in museum databases and/or presented in unpublished 'grey' literature. There is a need to compile these data and make them more widely accessible in order to inform management decisions in the Kimberley, which faces increasing pressure from resource development, fishing and tourism (Wood and Mills 2008; Pyke and Ehrlich 2010) .
Some of the earliest accounts of fish collections from the Kimberley were made by Gray (1827) , Richardson (1848) and Saville-Kent (1889) . Several other smaller collections were made in the area in the late 19th and early 20th centuries, including during the Mjöberg expeditions (Rendahl 1921 ). It was not until the 1980s that comprehensive surveys by various Australian museums began to capture the true biodiversity of the region.
The Western Australian Museum (WAM) and other Australian natural science institutions have undertaken marine biodiversity surveys of a range of taxa in the Kimberley inshore and offshore waters (e.g. Berry 1986 Berry , 1993 Wells et al. 1995; Walker et al. 1996; Bryce et al. 1997; Walker 1997) . Fishes have featured prominently in these surveys (Allen and Russell 1986; Allen 1992 Allen , 1993 Hutchins 1995 Hutchins , 1996 Hutchins , 1997 Hutchins , 1998 Morrison and Hutchins 1997; Moore and Morrison 2009 ), yet there is still much to uncover. New species of fishes continue to be described from the region (e.g. Johnson 2012 ) and several species complexes are thought to contain multiple taxa (personal observations). Recent surveys continue to add new records to the known fauna and to extend the range distributions of some species (unpublished data).
AIM
The aim of this project was to synthesise records of shallow water (<30 m) fish species in the Kimberley Project Area collected between 1880 and 2009, and to assess diversity trends and taxonomic and collection gaps in the region's fish fauna (see Sampey et al. 2014) .
METHODS
The Kimberley Project Area encompasses an area west and north of the Kimberley coast (south of Broome to the Western Australia-Northern Territory border) extending beyond the 1000 m bathymetric contour, with the coastline forming a natural inshore boundary, as shown in Figure 1 (see Sampey et al. 2014 for a full explanation of the study area). This incorporates an offshore area greater than what is often considered 'Kimberley' (Wilson 2013).
Marine fish data for the Kimberley Project Area (intertidal to 30 m) were sourced from the collection databases of WAM, Australian Museum (AMS) and Museum and Art Gallery of the Northern Territory (MAGNT), along with published species lists by reliable museum-based fish taxonomists in ten reports (Allen and Russell 1986; Allen 1992 Allen , 1993 Hutchins 1995 Hutchins , 1996 Hutchins , 1997 Hutchins , 1998 Hutchins et al. 1995; Morrison and Hutchins 1997; Moore and Morrison 2009 ). Specimens were not re-examined for this study. Records representing undescribed species were retained when it was clear that a taxonomist working on the group considered them as valid operational taxonomic units (OTU). Species records based on dubious identifications (e.g. from well outside their known distributions) were removed from further analyses. The numbers of species presented here differ marginally from those of Sampey et al. (2014) because our dataset was refined slightly after submission of that paper; however it has no effect on the general trends identified by those authors.
The species names and taxonomic affinities used in this treatment are based on the Australian Faunal Directory (ABRS 2014) and the Catalog of Fishes (Eschmeyer 2014) . Full methodological details are provided in Sampey et al. (2014) . Briefly, data from all sources mentioned above were collated into a single database and the provenance details verified. The locations of specimen records were mapped using ARCGIS v9 and ArcMap v9.3.
Throughout, 'inshore' refers to locations along the coast and the numerous islands and reefs found shoreward of the 50 m depth contour (Figure 1 ). 'Offshore' refers to the shelf edge atolls, which arise from deeper waters (200-400 m) along the continental margin (Figure 1 ).
Where possible, each species was coded for its known biogeographic range and habitat preferences based on Allen (2009) , ABRS (2014) or Eschmeyer (2014) . The categories used to code the distribution and preferred habitats of each species are listed in Table 1 . A species may exploit several habitats, so multiple codes were used as appropriate.
RESULTS
A total of 8,326 registered specimen lots were included in the dataset (4,941 from WAM, 2,626 from MAGNT and 759 from AMS, which represents 59%, 32% and 9% of the total, respectively). Many thousands of additional visual records from across the region were included. The oldest specimen records used in this dataset dated from 1886 (a small collection from Derby by C. Lees, housed at AMS), and other early records included incidental collections by Saville-Kent in the 1880-1890s (also housed at AMS), and a mullet collected in 1900 (at WAM). The present data are derived from hundreds of collecting sites within 123 geographic localities (e.g. feature such as island or bay), of which eight are considered 'offshore' (Figure 1 , Table 2 ).
A total of 1475 species were accepted into the dataset, of which 714 were recorded from inshore waters and 1061 from offshore waters (Appendix 1). This includes eight that were identified as an OTU. These species represent 135 families, the most speciose of which were: Gobiidae (185 species), Labridae (122), Pomacentridae (97), Apogonidae (81) and Serranidae (60). A further 42 species were recorded in the source databases, but were excluded from our dataset because we considered their identification to be dubious (Appendix 2). They are highlighted here because these potentially confusing records have been reported in other publications and/or databases.
The most diverse assemblage records were from the offshore sites: Ashmore Reef (809 species), Scott Reef (627 species) and Clerke Reef (477 species), however extensive assemblages were also identified from some inshore areas, such as Broome (281 species), Cassini Island (171 species) and Beagle Bay (144 species) ( Table 2) . Collection effort between sites was not consistent (Table 2) . Over half of the species (52% or 761 species) recorded in the region are so far known only from offshore waters, while around 28% (414 species) are currently known only from inshore waters. The remaining 20% (300 species) were recorded from both inshore and offshore regions.
Most species were considered to be widely distributed across the Indo-West Pacific (Table 3 , Appendix 1). There were 98 inshore species (14% of inshore species) considered endemic to Australia compared with only 24 offshore species (2% of offshore species) ( Based on the collated habitat preferences, more than 76% of all species in the dataset utilise hard substrates, 26% utilise soft substrates and around 14% include the water column (pelagic) among their habitat preferences (Table 4, Figure 3 ). Most offshore species prefer hard substrates, while both hard and soft substrates are broadly utilised by the inshore fish species (Table 4, Figure 3 ). More than 10% of the species may be found in estuarine or mangrove areas of the Kimberley, but these are generally inshore species (Table 4, Figure 3 ).
DISCUSSION
With nearly 1500 species, the Kimberley Project Area is home to around half of all species of fishes known from Western Australia. This diversity is broadly comparable to that of the Great Barrier Reef World Heritage Area (Hoese et al. 2006) . Consequently it is a region of immense importance, with a need for ongoing biodiversity and biogeographic research. Here, we present an important first step in a comprehensive summary of major museum records to 2009. Other nonmuseum data exist for some shallow water parts of the Kimberley Project Area, particularly the offshore regions (e.g. Done et al. 1994; Kospartov et al. 2006 ) and the WAM Woodside Collection Project (Kimberley) 2008-2015 will provide additional records, collected in a semi quantitative manner, in the future (unpublished data).
FIGURE 1
Location of historical records of fishes in the Kimberley Project Area of Western Australia. The Project Area boundary is marked in grey. Map projection: GDA94, Scale: 1:6, 250,000. Summary of locations of historical fish records, the range of years over which the records were collected, the number of collection events (see Sampey et al. 2014 for how this was determined), and the number of fish species and families known from each location. 
Code Definition

FIGURE 2
Biogeographic affinities of all species of fishes in the Kimberley Project Area dataset. a. species recorded inshore; b. species recorded offshore. Australian endemics are pooled in the pie graph (represented by solid red) and expanded inset. Abbreviations are as follows: IWP, Indo-West Pacific; AT, Atlantic; IA, IndoAustralian; IO, Indian Ocean; C, circumglobal; A, Australia; NA, Northern Australia; WA, Western Australia.
FIGURE 3
Habitat preferences of species of fishes recorded inshore and offshore in the Kimberley Project Area dataset. Note that many species utilise more than one habitat. Data presented in Table 4 . The biogeographical distribution of fish species recorded in the Kimberley Project Area dataset. Species with distributions marked by an asterisk (*) are considered endemic to Australia.
TABLE 4
The habitats of fish species recorded in the Kimberley Project Area dataset. Many species utilise several habitats and are therefore represented in multiple habitat counts (see Appendix 1). Data summarised in Figure 3 .
Most species in this dataset can be considered primarily reef associated. This is expected given that fish diversity and abundance is known to be strongly influenced by habitat complexity and benthic biological diversity (e.g. Gratwicke and Speight 2005; Komyakova et al. 2013) . In the present dataset, this finding probably also partly reflects a bias towards sampling of hard substrate communities.
The marine fish fauna of the Kimberley Project Area is characterised by widespread species, most of which are found throughout the IndoWest Pacific. The prominent families are among the most speciose marine fish families in the region (Allen and Erdmann 2012) . For other species (e.g. Chrysiptera hemicyanea, Halophryne ocellatus, Labracinus cyclophthalmus), the Kimberley is at the edge of their known distribution ranges.
Importantly, some 120 fish species recorded from the Kimberley Project Area are considered endemic to Australia, and 11 of these are restricted to the Kimberley. Endemism is particularly prominent among the inshore fauna. This level of endemism is relatively high for tropical Australian fish communities (Hoese et al. 2006) . The offshore areas have had formal protection for some time and protection of the inshore reefs, which support the highest endemism, is in progress (MPRA 2013) . At least one species in this data set (Pristis zijsron) is listed as threatened (Australian Government 1999). However, other threatened species are known to inhabit the area but have not been recorded by museum surveys (e.g. Rhincodon typus), and others are reliant on the estuarine systems of the Kimberley and not captured in the present dataset (e.g. Glyphis spp., Pristis spp.). Hutchins (1999) recognised longitudinal patterns in the composition of the inshore fish fauna in the Kimberley and it is beyond the scope of the present paper to revisit that analysis. However, the present data highlight a pronounced difference in species composition between inshore and offshore regions, with only about 20% of species shared between inshore and offshore regions. More than half of all species in the dataset have only been recorded on the offshore atolls, which support some of the greatest fish diversity and abundance in Australia (Allen 1993; Done et al. 1994; Hutchins 1998; Moore and Morrison 2009 ). Such faunal differences are expected and recognised (e.g. Allen and Russell 1986; Wilson 2014) Museum data contain a wealth of important information in the fields of taxonomy, biodiversity, biogeography, evolution and conservation. However there are well known limitations to using such data, due to the variable and largely qualitative manner in which it has often been collected. Considerable effort is being put into developing models and methods for utilising the information contained within them (e.g. Elith et al. 2006; Newbold 2010; Pyke and Ehrlich 2010) . Given the nature of sampling and collecting, this dataset can largely be considered as 'presence only' data (see Graham et al. 2004) . Although some of these data have been collected with a semi quantitative approach, the sampling effort has rarely been sufficient to confidently interpret the 'absence' of a species as meaningful (but see Done et al. 1994; Hutchins 2001; Moore and Morrison 2009 and others, for discussions of species abundances). This synthesis of historical sampling highlights some collection gaps and biases. Firstly, as noted above, most of the recorded species are associated with hard substrates. However, vast expanses of the region are covered by soft sediment habitats (Wilson 2013), which have received comparatively little collection effort (but see Travers et al. 2012) . Secondly, this dataset contains only a single shallow water record from the midshelf region (from Browse Island). The midshelf reefs and shoals are potentially informative because they are geographical midpoints between the inshore and offshore regions. Several of these locations have been visited recently by WAM, however much more sampling is required. Thirdly, there are inevitable taxonomic biases, with typically mobile, reef associated species dominating the data and nocturnal, cryptic or difficult to collect species probably under represented. In addition, this synthesis was part of a multi-taxon project (see Sampey et al. 2014) , and as such was limited to shallow water specimens. Substantial collections of fishes from below 30 m exist in various institutions (e.g. WAM, CSIRO), although they are sometimes limited in terms of sampling effort and spatial scale.
Taxonomic decisions change frequently as new research is completed. Specimens were not reexamined for this study, and the vastness of the collections held by the contributing institutions means that some taxonomic errors are possible. For example, specimens examined prior to the resolution of species complexes might retain the original identification. In most instances, this was detected and updated as part of the present study. However, there were 1,783 instances of incomplete or confusing identifications that were excluded from the dataset. As noted above, 42 records were also excluded based on doubtful identifications. Any specimens associated with these records require re-examination.
This synthesis is a first step summary of the Kimberley marine fish fauna. We have identified several areas for future work, including:
• Continued identification of the nearly 2000 excluded records, and continued research into the taxonomy of unresolved species groups.
• Continued surveys of other parts of the Kimberley, including the mid-shelf shoals. To improve the utility of the data such surveys should be quantitative and include other environmental variables (e.g. the WAM Woodside Collection Project (Kimberley) 2008-2015).
• Increased attention on under represented species (i.e. small, cryptic, nocturnal) and excluded species (i.e. deeper than 30 m), for it is these groups where future species discovery is likely to be most prolific (Mora et al. 2008; Eschmeyer et al. 2010 ).
• Application of some of the developi ng mathematical models and methods for utilising the biogeographic information contained within museum data (e.g. Elith et al. 2006; Phillips et al. 2009; Newbold 2010 
